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50 GB/S ETHERNET USING
SERIALIZER/DESERIALIZER LANES

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a continuation of U.S. Ser. No. 13/752,
756, filed Jan. 29, 2013, the entire contents of which is incor-
porated herein by reference. U.S. Ser. No. 13/752,756 claims
the benefit of priority under 119(e) of U.S. Provisional Appli-
cation No. 61/671,966, entitled “50 Gb/s Ethernet Technol-
ogy for LAN Applications,” filed Jul. 16, 2012, and also
claims the benefit of U.S. Provisional Application No.
61/752,070, entitled “50 Gb/s Ethernet Using Serializer/De-
serializer Lanes,” filed Jan. 14, 2013.

TECHNICAL FIELD

The present disclosure generally relates to communica-
tions systems, and more specifically, to Ethernet networks.

BACKGROUND

Server computer networks suitable for enterprise or cloud
computing typically utilize a scalable server infrastructure to
host applications. A network fabric comprised of switches is
often used since it scales to larger node counts without
impacting the cost per server. Today’s blade servers often use
one of the high speed varieties of the IEEE 802.3 standard for
switching within the blade server.

BRIEF DESCRIPTION OF THE DRAWINGS

Many aspects of the disclosure can be better understood
with reference to the following drawings. The components in
the drawings are not necessarily to scale, emphasis instead
being placed upon clearly illustrating the principles of the
present disclosure. Moreover, in the drawings, like reference
numerals designate corresponding parts throughout the sev-
eral views.

FIG. 1 is a block diagram illustrating a blade server system
according to some embodiments disclosed herein.

FIGS. 2A-C are block diagrams illustrating various
embodiments of the LAN On Motherboard (LOM) of FIG. 1,
differing in the number of lanes used per link.

FIG. 3 illustrates an OUI tagged formatted Next Page as
used during auto-negotiation by some embodiments of the
LAN On Motherboard (LOM) of FIG. 1.

FIG. 4 illustrates another OUI tagged formatted Next Page
as used during auto-negotiation by some embodiments of the
LAN On Motherboard (LOM) of FIG. 1.

FIG. 5 is a block diagram illustrating a dual-port embodi-
ment of the LAN On Motherboard (LOM) of FIG. 1.

FIG. 6 is a block diagram illustrating some of the func-
tional blocks within the LAN On Motherboard (LOM) of
FIG. 1.

FIGS. 7A-C are block diagrams illustrating various
embodiments of the LAN On Motherboard (LOM) of FIG. 1,
showing striping across various numbers of Physical Coding
Sublayer (PCS) lanes.

FIG. 8 is a flowchart illustrating transmit operation of the
LAN On Motherboard (LOM) of FIG. 1, according to some
embodiments disclosed herein.

FIG. 9 is a flowchart illustrating receive operation of the
LAN On Motherboard (LOM) of FIG. 1, according to some
embodiments disclosed herein.
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2
DETAILED DESCRIPTION

According to the inventive techniques disclosed herein, an
Ethernet controller distributes Ethernet frames across mul-
tiple serializer/deserializer (SERDES) lanes for conveyance
across a blade server midplane in a manner that achieves a
data rate of up to 50 Gb/s. Embodiments of the Ethernet
controller can be implemented as a separate network interface
controller (NIC) and physical layer transceiver (PHY), or can
integrate the Media Access Control (MAC) and PHY func-
tions onto a single chip.

One embodiment includes circuitry operable to provide a
MAC interface associated with a port having a 50 Gb/s rate.
This embodiment also includes circuitry operable to generate
Ethernet frames from data received at the MAC interface, and
to distribute the Ethernet frames over a plurality of serializer/
deserializer (SERDES) lanes. The plurality has size N and
each SERDES lane is operable at a 50/N Gb/s rate. This
embodiment also includes circuitry operable to transmit the
distributed Ethernet frames over the N SERDES lanes.

Another embodiment involves a network interface control-
ler (NIC). The NIC includes host interface logic and physical
layer (PHY) logic. The host interface logic is operable pro-
vide a MAC interface associated with a port having a 50 Gb/s
rate and to generate Ethernet frames from data received at the
MAC interface. The PHY logic is operable to distribute the
Ethernet frames over a plurality of serializer/deserializer
(SERDES) lanes. The plurality has size N and each SERDES
lane is operable at a 50/N Gb/s rate. This embodiment also
includes circuitry operable to transmit the distributed Ether-
net frames over the N SERDES lanes.

Yet another embodiment involves a dual port NIC. The
dual port NIC is operable to provide a pair of 50 Gb/s Media
Access Control (MAC) ports. The dual port NIC is further
operable to receive first Ethernet frames at the first 50 Gb/s
MAC Port and to and transmit the first Ethernet frames over a
first plurality of serializer/deserializer (SERDES) lanes asso-
ciated with the first 50 Gb/s MAC Port. The first plurality has
size N and each of the first SERDES lanes is operable to
transmit at a S0/N Gb/s rate. The dual port NIC is further
operable to receive second Ethernet frames over a second
plurality of serializer/deserializer (SERDES) lanes associ-
ated with the second 50 Gb/s MAC port. The second plurality
has size N and each of the second SERDES lanes is operable
to transmit at a S50/N Gb/s rate. The dual port NIC is further
operable to transmit the second received Ethernet frames over
the second 50 Gb/s MAC port.

Still another embodiment involves device including a plu-
rality of serializer/deserializers (SERDESes) and a network
interface controller (NIC). Each SERDES implements a cor-
responding SERDES lane. The plurality of SERDESes has
size N. Each SERDES lane is operable to transmit at a S0/N
Gb/s rate. The NIC includes host interface logic and physical
layer (PHY) logic. The host interface logic is operable to
provide a 50 Gb/s Media Access Control (MAC) port and to
receive Ethernet frames at 50 Gb/s at the MAC port. The
physical interface logic is operable to transmit the Ethernet
frames over the SERDES lanes.

Yet another embodiment involves a network interface con-
troller (NIC). The NIC is operable to receive Ethernet frames
from a media access control (MAC) layer at a 50 Gb/s rate,
and transmit the Ethernet frames over one or more serializer/
deserializer (SERDES) lanes. Each of the SERDES lanes is
operable at a 50/N Gb/s rate, where N is the number ofthe one
or more SERDES lanes.

Having summarized various aspects of the present disclo-
sure, reference will now be made in detail to the description of
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the disclosure as illustrated in the drawings. While the dis-
closure will be described in connection with these drawings,
there is no intent to limit it to the embodiment or embodi-
ments disclosed herein. On the contrary, the intent is to cover
all alternatives, modifications, and equivalents included
within the spirit and scope of the disclosure as defined by the
appended claims.

FIG. 1 is a block diagram of a blade server system includ-
ing a 50 Gb/s Ethernet controller, according to some embodi-
ments described herein. The blade server system 100 includes
various cards 110 in data communication via a midplane 120.
The midplane 120 is a printed circuit board (PCB) that
mounts on a blade server chassis and provides power distri-
bution, fabric connectivity, and system management infra-
structure to the blade server system 100. The midplane 120 is
generally formed of multiple layers of dielectric substrates
with conductive paths, referred to herein as traces, formed on
one or more of the dielectric layers. Cards 110 plug into the
midplane 120 by way of connectors (not shown) on both the
midplane 120, and the traces on the midplane 120 provides
electrical coupling therebetween. As FIG. 1 is a block dia-
gram rather than an actual illustration, traces are represented
schematically and are not meant to show physical location.

In the example blade server system 100, the cards 110
connected by the midplane 120 include one or more server
blades 130 and one or more network switches 140. Through
the midplane 120, the server blades 130 are connected to the
network switches 140, which in turn allows the various server
blades 130 to communicate with each other and with compo-
nents, devices, and systems external to the blade server sys-
tem 100. The blade server system 100 may reside, for
example, in a data center that is in communication with the
Internet. In the embodiment of FIG. 1, the network switches
140 are used in a redundant configuration, with network
switch 140-1 active and network switch 140-2 on standby.

A server blade 130 includes one or more host processors
150, a memory controller and I/O hub 160, and a 50 Gb/s
Local Area Network (LAN) On Motherboard 170. A host
processor 150 communicates data to the LAN On Mother-
board (LOM) 170, which encapsulates the data into Ethernet
frames and transmits the Ethernet frames over the midplane
120 to the network switch 140. In this manner, Ethernet
frames are communicated from the host processor 150 to the
LOM 170, to the midplane 120, to the network switch 140.
From the network switch 140, the Ethernet frames may be
conveyed to another network switch 140 in the blade server
system 100, to another blade server system 100 in the data
center, or to the Internet. In the reverse direction, the LOM
170 receives Ethernet frames from the network switch 140
over the midplane 120 and provides the data encapsulated in
the Ethernet frame to the host processor 150.

More specifically, an LOM 170 includes one or more ports
180, where each port 180 connects to a specific group of
traces on the midplane 120. Each of the trace groups then
connects to a port 190 of a network switch 140. In this man-
ner, each LOM port 180 is electrically coupled to one of the
switch ports 190 by a group of traces. A group of traces may
comprise, for example, two pairs of differential signals: a
transmit positive signal; a transmit negative signal; a receive
positive signal; and a receive negative signal.

The group of traces associated with a single LOM port 180
is referred to herein as a link 195. A link 195 thus represents
a single communication transport path between an LOM port
180 and a switch port 190. The LOMs 170 in FIG. 1 have two
ports. Thus, the first LOM 170-1 includes link 195-1-A and
link 195-1-B while the second LOM 170-2 includes link
195-2-A and link 195-2-B. The embodiment of FIG. 1
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includes redundancy features, whereby link 195-1-A and link
195-2-A are active while link 195-1-B and link 195-2-B are
on standby. In other embodiments without redundant
switches, both switches 140-1 and 140-2 are active, with all
four links 195-1-A, 195-1-B, 195-2-A and 195-2B being
active as well. In non-redundant embodiments, the ports 190
on both switches 140-1 and 140-2 can handle 50 Gb/s Ether-
net traffic.

While represented as a single line in FIG. 1, various
embodiments of the LAN On Motherboard 170 implement a
link 195 as a group of serializer/deserializer (SERDES) lanes.
As explained in more detail below, an LOM 170 associates
lanes with links an inventive manner to achieve data rate of 50
Gb/s per port across the midplane 120.

It will be understood that the specific number of compo-
nents illustrated in FIG. 1 is not limiting. Although the LOM
170 shown in FIG. 1 includes two ports, other embodiments
may include more than two ports, while still other embodi-
ments include a single port. Similarly, although the server
blade 130 is shown with two host processors 150 in FIG. 1,
other numbers of host processors 150 are also contemplated.
Also, other types of cards 110 may be present in a blade server
system 100. Having discussed the role of the LAN On Moth-
erboard 170 in the overall blade server system 100, the data
communication function of the LOM 170 will now be
described in more detail.

The SERDES lane distribution techniques disclosed herein
are described in the context of an Ethernet controller imple-
mented as part of a LAN On Motherboard integrated circuit.
However, the same techniques can be employed in an Ether-
net network switch MAC port operating at 50 Gb/s, or more
generically, can be employed in any Ethernet controller oper-
ating at 50 Gb/s. Using the SERDES lane distribution tech-
niques disclosed herein, Ethernet controllers are thus oper-
able to transmit and receive Ethernet frames over one or more
SERDES lanes. Each of the SERDES lanes is operable at a
50/N Gb/s rate, where N is the number of the one or more
SERDES lanes.

FIGS. 2A-C are block diagrams showing various configu-
rations or embodiments of the LAN On Motherboard 170,
and the number of lanes used per link for each. The LOM 170
receives data from the host processor 150 over a host data path
210 and also sends data to the host processor 150 over the host
data path 210. The host data path 210 may be implemented as
abus, for example, PCI-Express. Viewed logically, the data is
sent to, and received from, a particular port 180 of the LOM
170. That is, the host processor 150 sends data to, and receives
data from, a particular port 180 of the LOM 170 rather than to
and from the LOM 170 as a whole. Because that port 180 is
associated with a Media Access Control (MAC) address, a
port 180 may be referred to herein as a MAC port 180. A
single MAC port 180 is shown in FIGS. 2A-C for ease of
explanation, but multi-port LOMs will be discussed later.

As discussed earlier in connection with FIG. 1, the LAN
On Motherboard 170 supports a 50 Gb/s link rate. This is
achieved by distributing outgoing traffic among multiple seri-
alizer/deserializers (SERDES) lanes, and in the reverse direc-
tion, aggregating traffic from multiple SERDES lanes into a
single LOM port 180. While particular numbers of SERDES
lanes will be discussed in connection with FIGS. 2A-C, in the
general case each SERDES lane operates at rate up to 50/N,
where N is the number of SERDES lanes 220 implemented by
the LOM 170.

In the embodiment of FIG. 2A, 50 Gb/s is achieved by
communicating the Ethernet frames generated by the LOM
170-A over two lanes 220-1 and 220-2 provided by corre-
sponding serializer/deserializers (SERDESes), where each of
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the SERDES lanes 220-1 and 220-2 operates at 25 Gb/s. The
LOM 170 bonds the two lanes (220-1 and 220-2) together
using a multi-lane distribution technique to create a single
logical MAC port 180 operating at 50 Gb/s. This configura-
tion permits blade server chasses that are midplane-resource
limited to overcome the link speed limitation of Ethernet
ports operating at 10 Gb/s or 20 Gb/s. In some embodiments,
a 25 Gb/s SERDES lane 220 is implemented by using one of
the four 25 Gb/s SERDES lanes of a 100 Gb/s physical layer
transceiver (PHY), where the other lanes of the 100 Gb/s PHY
may be used by another LOM 170-A, or by another MAC port
of the same LOM 170-A. In such an implementation, the
LOM 170-A splits the 100 Gb/s PHY into four physical and
logical ports, each operating at up to 50 Gb/s.

FIG. 2B illustrates another embodiment of the LAN On
Motherboard 170, one which utilizes four SERDES lanes. In
this embodiment, the LOM 170 communicates the Ethernet
frames generated by the LOM 170-B over lanes 220-1, 220-2,
220-3, and 220-4 provided by corresponding SERDESes,
where each of the SERDES lanes 220-1, 220-2, 220-3, and
220-4 operates at 12.5 Gb/s. The LOM 170 bonds four lanes
(220-1 . . . 4) together using a multi-lane distribution tech-
nique to create a single logical MAC port 180 operating at 50
Gb/s. This configuration permits blade server chasses having
four SERDES lanes per port to send data at a 20% faster rate
than if the same four lanes were running at 10 Gb/s speed, as
with a typical IEEE 40 G port. In some embodiments, a 12.5
Gb/s SERDES lane 220 is implemented by increasing the
data rate of a 10 Gb/s SERDES lane by 25%.

FIG. 2C illustrates another embodiment of the LAN On
Motherboard 170, one which utilizes one SERDES lane. In
this embodiment, the LOM 170 communicates the Ethernet
frames generated by the LOM 170-B over a single lane 220-1
provided by a single SERDES operating at 50 Gb/s. In some
embodiments, a 50 Gb/s SERDES lane 220 is implemented
by using one of the four 25 Gb/s SERDES lanes of a 100 Gb/s
physical layer transceiver (PHY), where the other lanes of the
100 Gb/s PHY may be used by another LOM 170-A, or by
another MAC port of the same LOM 170-A. In such an
implementation, the LOM 170-A splits the 100 Gb/s PHY
into two physical and logical ports, each operating at up to 50
Gb/s, for an economical dual-port 50 G implementation that
can serve networking port redundancy needs.

In each of the embodiments of FIGS. 2A-C, the LAN On
Motherboard 170 represents the 50 Gb/s interface as a MAC
port 180. Some embodiments of the LOM 170 can auto-
negotiate link speed through extended capabilities register(s)
implemented by the MAC port 180. In some embodiments,
the 50 Gb/s rate is implemented using proprietary bit loca-
tions in the link capabilities register(s). The link can also be
forced to run at 50 Gb/s without advertising an auto-negotia-
tion capability.

In some embodiments, the auto-negotiation advertising is
conducted onlane 0 of the SERDES and is in accordance with
IEEE 802.3an specifications. Distinction is made in the auto-
negotiation bits that help the far end link partner to identify
whether 50 Gb/s is being advertised for two-SERDES-lanes-
mode running at 25 Gb/s each, or four-SERDES-lanes-mode
running at 12.5 Gb/s each. In some embodiments, the 50 G
auto-negotiation integrates into the Physical Code Sublayer
(PCS) defined by IEEE 802.3 for standardized speeds (e.g.,
10 G, 40 G) and leverages some of the reserved fields. This
allows the LAN On Motherboard 170 to advertise 50 G capa-
bility along with other supported speeds, which permits the
link to operate at any of the advertised speeds under IEEE
802.3 clause 73 auto-negotiation. A link partner that does not
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recognize 50 G speed indication could then choose to link at
one of the other speeds that is supported.

The auto-negotiation base pages defined by 802.3an may
be exchanged between the two ends of the backplane channel,
with the exchange taking place on physical lane 0. After the
exchange of the base page, the link partners may exchange an
Organization Unique Identifier (OUI) tagged formatted Next
Page (using message code #5) and then an OUT tagged unfor-
matted Next Page with an extended technology abilities field,
as detailed below. The link operating speed is determined by
the highest common denominator advertised by the link part-
ners, and resolved according to the priority table shown below
as Table 1:

TABLE 1

Priority Technology Capability

1 100GBASE-CR10 100 Gb/s, 10 lane

2 50GBASE-CR1 50 Gb/s, 1 lane, copper cable

3 50GBASE-KR1 50 Gb/s, 1 lane, backplane traces

4 S50GBASE-CR2 50 Gb/s, 2 lanes, copper cable

5 50GBASE-KR2 50 Gb/s, 2 lanes, backplane traces

6 S50GBASE-CR4 50 Gb/s, 4 lanes, copper cable

7 50GBASE-KR4 50 Gb/s, 4 lanes, backplane traces

8 40GBASE-CR4 40 Gb/s, 4 lanes, copper cable

9 40GBASE-KCR4 40 Gb/s, 4 lanes, backplane traces
10 20GBASE-CR2 20 Gb/s, 2 lanes, copper cable
11 20G-MLD2 20 Gb/s, 2 lanes, backplane traces
12 10GBASE-KR2 10 Gb/s, 1 lane, backplane traces
13 10GBASE-KX4 10 Gb/s, 4 lanes, backplane traces
14 10GBASE-KX 1 Gb/s, 1 lane, backplane traces

FIG. 3 illustrates an OUI tagged formatted Next Page used
during auto-negotiation, according to some embodiments of
LAN On Motherboard 170. Next Page 300 includes an OUI
field 310 and a message code field 320. In this example, the
value in the OUI field 310 is a vendor-specific value of
000AF7(h) and the value in the message code field 320 is 5.

FIG. 4 illustrates another OUI tagged formatted Next Page
used during auto-negotiation, according to some embodi-
ments of LAN On Motherboard 170. Next Page 400 includes
an OUI field 410, a message code field 420, and an extended
technologies field 430. In this example, the value in the OUI
field 410 is a vendor-specific value of 000AF7(h), the value in
the message code field 420 is 3 to indicate that the page
describes extended technology abilities, and the value in the
extended technology capabilities field is set to indicate 50
Gb/s operation.

In addition to the SERDES lane bonding described above,
a MAC port 180 on the LAN On Motherboard 170 can be
bonded with 50 Gb/s ports or other speed ports for all Ethernet
traffic using any of the commonly used bonding protocols
used to team Ethernet ports (e.g., IEEE 802.1 AX Link Aggre-
gation).

FIG. 5 is a block diagram illustrating a dual-port embodi-
ment of the LAN On Motherboard 170 of FIG. 1. While the
embodiments discussed in connection with FIGS. 2A-C pro-
vided one MAC port 180, the embodiment of FIG. 3 includes
two MAC ports 180-1 and 180-2. Each of the MAC ports
180-1 and 180-2 is associated with a corresponding host data
path 210-1 and 210-2. MAC port 180-1 is associated with
SERDES lanes 220-1 and 220-2, each operating at 25 Gb/s.
MAC port 180-2 is associated with SERDES lanes 220-3 and
220-4, each operating at 25 Gb/s. That is, data from host data
path 210-1 becomes Ethernet frames which are transmitted
on SERDES lanes 220-1 and 220-2 while data from host data
path 210-2 becomes Ethernet frames which are transmitted
on SERDES lanes 220-3 and 220-4. In the reverse direction,
Ethernet frames received on SERDES lanes 220-1 and 220-2
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are provided to the host processor 150 over host data path
210-1 while Ethernet frames received on SERDES lanes
220-3 and 220-4 are provided to the host processor 150 over
host data path 210-2. In some embodiments, the SERDES
lanes 220-1 . . . 4 are implemented by using the four 25 Gb/s
SERDES lanes of a 100 Gb/s physical layer transceiver
(PHY). Having described the overall functionality of the
LOM 170 according to various embodiments, various struc-
tures associated with the functionality will now be discussed
in more detail.

FIG. 6 is a diagram illustrating various functional blocks
within the LAN On Motherboard 170 of FIG. 1, according to
some embodiments disclosed herein. In the embodiment of
FIG. 4, the LAN On Motherboard 170 includes a host inter-
face 610, a framer 620, a distributor/aggregator 630, and one
or more SERDESes 640. The LAN On Motherboard 170 may
also include various other functional blocks not shown in
FIG. 6 such as (but not limited to) a management bus inter-
face, a management processor, a bus arbiter, a direct memory
access (DMA) engine, auto-negotiation logic, various buffers
and memories, and one or more processors.

As explained above, data is conveyed between the LOM
170 and the host processor 150 over the host data path 210.
More specifically, the host processor 150 communicates with
a host interface 610 implemented by the LOM 170. To this
end, the host interface 610 may include various configuration
registers, data registers, mailboxes, shared memory locations,
interrupts, and combinations thereof. As noted above, the host
processor 150 communicates with a particular MAC port 180.
Therefore, a MAC port 180 may be implemented as a par-
ticular subset of these host interface resources.

A framer 620 encapsulates data from the host processor
150 into Ethernet frames, and de-encapsulates data from Eth-
ernet frames received over the midplane 120. Functions
implemented by the framer 620 may include, but are not
limited to: preamble generation and detection; insertion and/
or removal of source and destination MAC addresses; and
Frame Check Sequence (FCS) generation, insertion, and
removal.

A distributor/aggregator 630 distributes the Ethernet
frames generated by the framer 620 to the appropriate one of
the SERDESes 640. In the reverse direction, the distributor/
aggregator 630 collects Ethernet frames received over the
midplane 120 and aggregates them into one stream for pro-
cessing by the framer 620. Each of the SERDESes 640 is
associated with a SERDES lane 220. The embodiment shown
in FIG. 6 uses two SERDES lanes 220, each operating at 25
Gb/s, to achieve a 50 Gb/s link rate. In some embodiments,
the host interface 610 and the framer 620 are grouped together
as MAC circuitry while the distributor/aggregator 630 and the
SERDESes 640 are grouped together as physical layer (PHY)
circuitry. In some embodiments, the distributor/aggregator
630 resides in Physical Coding Sublayer (PCS) circuitry 650
and the SERDESes 640 reside in Physical Medium Attach-
ment sublayer (PMA) circuitry 660.

Having introduced the distributor/aggregator 630, frame
distribution among lanes performed by the LOM 170 will
now be described in further detail. The IEEE 802.3 standard
for 40 Gb/s and 100 Gb/s Ethernet employs multi-lane distri-
bution (MLD) to distribute data from a single MAC port
across a number of virtual lanes. For a given operating speed,
the number of virtual lanes, also referred to as Physical Cod-
ing Sublayer (PCS) lanes, is determined by the least common
multiple (LCM) of the desired range of Physical Medium
Dependent (PMD) lanes. In the case of 100 Gb/s, the desired
range of PMD lanes is 1, 2, 4, 5, and 10, which yields an LCM
of 20. Thus, the IEEE 802.3 standard for 100 Gb/s Ethernet
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uses MLD striped across 20 virtual lanes. This is sometimes
referred to as MLD20. In the case of 40 Gb/s, the desired
range of PMD lanes is 1, 2 and 4, which yields an LCM of 4.
Thus, the IEEE 802.3 standard for 40 Gb/s Ethernet uses
MLD striped across 4 virtual lanes, and sometimes referred to
as MLD4.

The MLD striping technique described in the IEEE stan-
dard for 100 Gb/s and 40 Gb/s uses a unique alignment
marker (AM) for each virtual lane. The AMs are inserted into
the striped data stream every 16,000 codewords, where every
codeword employs 64b/66b encoding. The use of a unique
AM for each lane supports three different functions of the
MLD striping technique: lane identification; lane alignment;
and bit-level multiplexing/demultiplexing. In the case of 100
Gb/s using MLD20, there are 20 unique AMs, one for each
virtual lane. In the case of 40 Gb/s using ML.D4, there are 4
unique AMs. In some embodiments of the LAN On Mother-
board 170, the virtual lane alignment markers are identical to
the ones used for PCS lane 0, 1, 2, and 3 of the IEEE 802.3
standard for 40 GBASE-R.

FIG. 7A illustrates another embodiment of the LAN On
Motherboard 170, one which utilizes two SERDES lanes. In
this embodiment, the distributor/aggregator 430A uses
MLD4 to stripe across four PCS lanes 710. Since the number
of PCS lanes is greater than the number of SERDES lanes,
multiplexers/demultiplexers are used. More specifically,a2:1
bit-level multiplexer/demultiplexer circuit 720 is located in
front of each of two 25.78 Gb/s backplane SERDESes 640.
The two SERDESes 440 then communicate the two SERDES
lanes 220 across a backplane link 195 (FIG. 1).

FIG. 7B illustrates yet another embodiment of the LAN On
Motherboard 170, one which utilizes four SERDES lanes. In
this embodiment, the distributor/aggregator 630B uses
MLD4 to stripe across four PCS lanes 710. Since the number
of PCS lanes is the same as the number of SERDES lanes, no
multiplexer/demultiplexer is used, and the four SERDESes
440 communicate the four SERDES lanes 220 across a back-
plane link 195 (FIG. 1).

FIG. 7C illustrates still another embodiment of the LAN
On Motherboard 170, one which utilizes one SERDES lane.
In this embodiment, the distributor/aggregator 430C uses
MLD4 to stripe across four PCS lanes 710. Since the number
of PCS lanes is greater than the number of SERDES lanes, a
multiplexer/demultiplexer is used. More specifically, a 4:1
bit-level multiplexer/demultiplexer circuit 730 is located in
front of a single 50 Gb/s backplane SERDES 440, and the
SERDES 440 communicates the four SERDES lanes 220
across a backplane link 195 (FIG. 1). Bit-level multiplexers
having sizes other than 4:1 and 2:1 can be utilized in a similar
manner.

FIG. 8 is a flowchart illustrating transmit operations of the
LAN On Motherboard 170, according to some embodiments
disclosed herein. Alternatively, the flowchart of FIG. 8 may
be viewed as implementing various steps of a method for
conveying FEthernet frames across a midplane, as performed
by the LAN On Motherboard 170. At block 810, a media
access control (MAC) interface is provided. The MAC inter-
face is associated with a port 180 having a 50 Gb/s link rate.
Next, at block 820, Ethernet frames are generated from data
received at the MAC interface. At block 830, the stream of
Ethernet frames is encoded into blocks and PCS lane align-
ment markers are periodically added to allow the receive side
to deskew the lanes. At block 840, the PCS lanes are distrib-
uted across N SERDES lanes. In some embodiments, M=4
and the distribution uses the MLD4 striping technique from
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IEEE 802.3. Next, at block 850, the distributed Ethernet
frames are transmitted on each of the SERDES lanes ata SO/N
Gb/s rate.

FIG. 9 is a flowchart illustrating receive operations of the
LAN On Motherboard 170, according to some embodiments
disclosed herein. Alternatively, the flowchart of FIG. 9 may
be viewed as implementing various steps of a method for
conveying Ethernet frames across a midplane, as performed
by the LAN On Motherboard 170. At block 910, a media
access control (MAC) interface is provided. The MAC inter-
face is associated with a port 180 having a 50 Gb/s link rate.
At block 910, Ethernet frames are received on each of N
SERDES lanes 220, associated with the port 180, at a rate of
50/N Gb/s. At block 920, Ethernet frames are demultiplexed
from N SERDES to M PCS lanes. In some embodiments,
M=4 and the MLD4 striping technique from IEEE 802.3 is
used. At block 930, the M PCS lanes are aligned using align-
ment markers within the blocks that encode the received
Ethernet frames. Once alignment is performed, the alignment
markers are removed. At block 940, the aligned frames are
bonded or aggregated into a single stream of Ethernet frames.
Next, at block 950, the data from the bonded stream of Eth-
ernet frames is provided to a 50 Gb/s port of a MAC interface.

The LAN On Motherboard 170 and other various compo-
nents described herein may be embodied in dedicated hard-
ware, software executing on general-purpose hardware, soft-
ware executing on special-purpose hardware, or a
combination thereof. If embodied in dedicated hardware, the
LOM 170 can be implemented as circuitry and/or a state
machine that employs any one of or a combination of a
number of technologies. These technologies may include, but
are not limited to, discrete logic, a programmable logic
device, an application specific integrated circuit (ASIC), a
field programmable gate array (FPGA), a system on chip
(SoC), a system in package (SiP), or any other hardware
device having logic gates for implementing various logic
functions upon an application of one or more data signals.
Such technologies are generally well known by those skilled
in the art and, consequently, are not described, in detail
herein.

When implemented as software, i.e., instructions execut-
ing on a processor, any logic described herein (including the
LOM 170) that comprises software or code can be embodied
in any non-transitory computer-readable medium for use by
or in connection with a processor. In this sense, the logic may
comprise, for example, statements including instructions and
declarations that can be fetched from the computer-readable
medium and executed by a processor. In the context of the
present disclosure, a “computer-readable medium” can be
any medium that can contain, store, or maintain the logic or
application described herein for use by or in connection with
the processor. The computer-readable medium can comprise
any one of many physical media such as, for example, mag-
netic, optical, or semiconductor media. More specific
examples of a suitable computer-readable medium would
include, but are not limited to, magnetic tapes, magnetic
floppy diskettes, magnetic hard drives, memory cards, solid-
state drives, USB flash drives, or optical discs. Also, the
computer-readable medium may be a random access memory
(RAM) including, for example, static random access memory
(SRAM) and dynamic random access memory (DRAM), or
magnetic random access memory (MRAM). In addition, the
computer-readable medium may be a read-only memory
(ROM), a programmable read-only memory (PROM), an
erasable programmable read-only memory (EPROM), an
electrically erasable programmable read-only memory (EE-
PROM), or other type of memory device.
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The diagrams of FIGS. 8 and 9 show the functionality and
operation of an implementation of portions of the LOM 170.
If embodied in software, each block may represent a module,
segment, or portion of code that comprises program instruc-
tions to implement the specified logical function(s). The pro-
gram instructions may be embodied in the form of source
code that comprises human-readable statements written in a
programming language or machine code that comprises
instructions recognizable by a processor. The machine code
may be converted from the source code, etc. If embodied in
hardware, each block may represent a functional block of
specialized hardware, a circuit, or anumber of interconnected
circuits to implement the specified logical function(s).

Although the diagrams of FIGS. 8 and 9 show a specific
order of execution, it is understood that the order of execution
may differ from that which is depicted. For example, the order
of'execution of two or more blocks may be scrambled relative
to the order shown. Also, two or more blocks shown in suc-
cession in the diagrams of FIGS. 8 and 9 may occur concur-
rently or with partial concurrence. Further, in some embodi-
ments, one or more of the blocks shown in the diagram of
FIGS. 8 and 9 may be skipped or omitted. In addition, any
number of counters, state variables, semaphores, or messages
might be added to the logical flow described herein, for pur-
poses of enhanced utility, accounting, performance measure-
ment, or providing troubleshooting aids, etc. It is understood
that all such variations are within the scope of the present
disclosure. It is understood that the diagrams of FIGS. 8 and
9 merely provide an example of the many different types of
functional arrangements that may be employed to implement
the operation of portion(s) of the LOM 170 as described
herein. As an alternative, the diagrams of FIGS. 8 and 9 may
be viewed as depicting an example of steps of a method
implemented in the LOM 170 according to one or more
embodiments.

It should be emphasized that the above-described embodi-
ments of the present disclosure are merely possible examples
of implementations set forth for a clear understanding of the
principles of the disclosure. Many variations and modifica-
tions may be made to the above-described embodiment(s)
without departing substantially from the spirit and principles
of the disclosure. All such modifications and variations are
intended to be included herein within the scope of this dis-
closure and protected by the following claims.

The invention claimed is:
1. A device comprising:
circuitry configured to
function as a media access control (MAC) interface
associated with a port having an M Gb/s link rate, M
being a value greater than or equal to 10;
generate Ethernet frames from data received at the MAC
interface;
distribute the Ethernet frames across a group of serial-
izer/deserializer (SERDES) lanes associated with the
port, the group having a size N which is greater than 1;
and
transmit the distributed Ethernet frames on each of the
SERDES lanes at an M/N Gb/s rate.
2. The device of claim 1, wherein the circuitry is configured
to:
receive Ethernet frames on each of the SERDES lanes at a
M/N Gb/s rate;
bond the SERDES lanes into a stream of received Ethernet
frames; and
provide data from the bonded stream of Ethernet frames to
the MAC port at an M Gb/s rate.



US 9,106,570 B2

11

3. The device of claim 1, wherein

M is 50.

4. The device of claim 1, wherein

Nis 2or 4.

5. The device of claim 1, wherein

the SERDES lanes are arranged to electrically couple to a
corresponding plurality of SERDES lanes on a midplane
of a blade server chassis.

6. The device of claim 5, wherein

each of the SERDES lanes on the midplane is associated
with an electrical trace group on the midplane.

7. The device of claim 6, wherein

each of electrical trace group includes a transmit differen-
tial pair and a receive differential pair.

8. The device of claim 1, wherein

the circuitry is configured to distribute the Ethernet frames
across the N SERDES lanes using Multi-Lane Distribu-
tion across a plurality of Physical Coding Sublayer
(PCS) lanes.

9. The device of claim 1, wherein

the device is configured to support another link rate lower
than M Gb/s and to autonegotiate between the link rates.

10. The device of claim 9, wherein

the autonegotiation is conducted on a lane 0 of the SER-
DES lanes.

11. The device of claim 9, wherein

the autonegotiation is conducted in accordance with IEEE
802.3an.

12. A device comprising:

a Media Access Control (MAC) interface associated with
an M Gb/s port and configured to generate Ethernet
frames from data received at the MAC interface, M
being a value greater than or equal to 10;

a group of serializer/deserializer (SERDES) lanes associ-
ated with the port, the group having a size N which is
greater than 1; and

aphysical layer transceiver (PHY) configured to distribute
the Ethernet frames across the group of SERDES lanes,
wherein

the SERDES lanes are each configured to transmit distrib-
uted Ethernet frames at a M/N Gb/s rate.
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13. The device of claim 12, wherein
M is 50.
14. The device of claim 12, wherein
N is 2or 4.
15. The device of claim 12, wherein
the SERDES lanes reside in the PHY.
16. The device of claim 12, wherein
atleast a first SERDES lane of the group of SERDES lanes
is arranged to electrically couple to a corresponding at
least first SERDES lane on a midplane of a blade server
chassis and at least a second SERDES lane of the group
of SERDES lanes is arranged to electrically couple to a
corresponding at least second SERDES lane on the mid-
plane.
17. The device of claim 12, wherein
each of the SERDES lanes are arranged to electrically
couple to a corresponding plurality of SERDES lanes on
a midplane of a blade server chassis.
18. The device of claim 17, wherein
each of the SERDES lanes on the midplane are associated
with an electrical trace group on the midplane.
19. The device of claim 12, wherein
N=2and the PHY is further configured to distribute the
Ethernet frames over 4 virtual lanes, and
the device further comprises a 2:1 bit level multiplexer
configured to multiplex the 4 virtual lanes across the 2
SERDES lanes.
20. A device comprising:
circuitry configured to
generate Ethernet frames from data received at a media
access control (MAC) interface associated with a port
having a 50 Gb/s link rate;
distribute the Ethernet frames across a plurality of seri-
alizer/deserializer (SERDES) lanes associated with
the port; and
transmit the distributed Ethernet frames on each of the
SERDES lanes at a 50/N Gb/s rate, where N is the
number of the plurality of SERDES lanes.
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